The growing burden of chronic disease, an aging population, and rising health care costs threaten the sustainability of our current model for health care delivery.
participants over time. Concurrent evaluation allows the prospective exploration of the complex interactions among health determinants as well as the comparative effectiveness of novel biomarkers in predicting health. Central to the Center is a cohort study of randomly selected university employees. The authors describe how the Center has fostered a foundation for CER through the structured recruitment of study cohorts, standardized interventions, and scheduled data collection strategies that support pilot studies by faculty and trainees.
Itiseasytopointoutthemultiple shortcomings of our current health care system and make a case that disease care in the United States is failing both patients and providers. Critics cite the growing number of uninsured, perverse payment incentives that reward procedures rather than outcomes, and population-based health outcomes that lag behind those of other industrialized nations. In addition, the United States is a nation of nations in that it is culturally, socially, and economically diverse, with wide variations in health outcomes by ethnicity and geography. 1 Recent legislation promises to reduce the ranks of the uninsured, but it does not adequately address the need for fundamental changes in the delivery of health care.
One model for change, sometimes named "prospective medicine," proposes a transformation toward managing disease risk and providing personalized care for both acute and chronic disease. 2 The next step is a shift in focus away from disease management toward disease prevention and the modification of individuals' risks through early and persistent interventions. 3 This approach, however, is still predicated on the traditional paradigm of diseasebased risk reduction and early detection. The "next next transformation" will be a change in the paradigm to focus on health-an integrated function of biology, environment, and behavior-something quite different from simply the absence of disease. 4 Academic health centers (AHCs) are uniquely positioned to make this leap. AHCs contain the required expertise in health sciences and new discovery, but even more importantly, they can also tap into faculty expertise in sociology, economics, ethics, and psychology, among other fields (see Figure 1 ). Understanding health in this broader context creates opportunities for new and novel health interventions. At the same time, the multidisciplinary research capabilities of AHCs position them to take a leadership role in comparative effectiveness research (CER; also known as patientcentered outcomes research), the systematic assessment of alternative interventions and strategies to improve or maintain health. CER is distinguished from traditional clinical research in that it focuses not on testing new treatments but, rather, on the comparative effectiveness of alternative treatment strategies in real-world settings to identify those strategies that provide the most value. Much of CER has focused on alternative treatment strategies for selected diseases. Observational CER can also be used, however, to address questions raised by predictive health discoveries, that is, discoveries aimed at prediction rather than diagnosis and health as opposed to disease. For example, can biomarkers better distinguish between individuals who will develop a disease and those who do not when compared with traditional tests? Do novel markers better measure early loss of health and predict future disease risks when compared with traditional risk factors? Can these markers better predict health outcomes when compared with traditional risk factors and predictors?
AHCs as institutions are uniquely structured to discover, develop, implement, and also evaluate novel predictive health programs. 5, 6 In this article, we describe the Center for Health Discovery and Well Being (hereafter, "the Center") at Emory University as a clinical center for predictive health care delivery as well as a clinical laboratory for the testing of health-focused care. The Center's standardized collection of biomarkers, lifestyle, and emotional profiles allows the prospective evaluation of health promotion interventions as well as creating a study cohort for observational research on CER questions, where participants are followed over time. We discuss the history of the Center, which involved the purposeful recruitment of an observational cohort with standardized data collection protocols, including patient-reported outcomes, and integration with university educational and research priorities. We also give examples of research initiatives that have been facilitated by access to the Center's participant data, and review future plans for the Center.
The Center
The Center was established in 2008 as one component of a larger, universitywide strategic theme, Predictive Health and Society (http://www.phi.emory.edu).
The university effort encompassed education, research, and service and was co-led by an anthropologist from the undergraduate college and a physicianresearcher from the School of Medicine (K.B.). Leaders from the Schools of Medicine, Nursing, and Public Health as well as Emory College were key stakeholders of the initiative. Other components of the university theme include undergraduate courses, a certificate program in predictive health and society, a doctoral program that spans research methods from laboratory to public health, and funding for pilot grants by university faculty. The specific goal of the Center is to integrate healthfocused research, education, and clinical care into a defined but flexible program that promotes the discovery and translation of new knowledge. The initial research focus of the Center is the development and validation of novel and, for the most part, generic biomarkers that predict health, disease risk, and prognosis. The Center profiles the current health status of participants and designs personalized interventions based on state-of-the-art knowledge. The intent is to create a health-focused program that could integrate basic, translational, and clinical research into clinical care and the education of health professionals. The
Center was established as a practical test of the concept of preventive care for healthy participants as well as an opportunity to develop a unique database and tissue sample repository for future investigations. The university viewed it as an academic resource and a demonstration project for a clinicaltranslational laboratory.
Four characteristics of the Center should be highlighted:
• Conceptually, the Center encompasses both health promotion and research. Most centers for holistic health promotion have a service delivery model with little to no research component, and most predictive medicine centers focus on identifying predictors of disease rather than characterizing health. 3, 5 • Programs in predictive medicine tend to identify markers of risk or predisease states that are specific for a given disease (e.g., cancer, heart disease, diabetes), while the Center hypothesizes that there are generic biologic processes, deviations from which indicate a loss of health that may not be disease-specific.
• Population-based health initiatives and individual-based approaches have traditionally been separate activities. A predictive model of health care should include both approaches, and the model should integrate information and issues across the spectrum from individuals to populations. Through partnerships with the School of Public Health and the Centers for Disease Control and Prevention, expertise in population health has been explicitly included in the Center.
• The physical space was not retrofitted from traditional clinical care clinics but specifically designed to meet the needs of the innovative programs within the Center; for example, a flexible teaching area is available for health-related classes and demonstrations. The Center occupies 5,000 square feet of customdesigned space. It is expected that, as a laboratory, the physical space will evolve and develop as more is learned about how to best communicate and interact with both participants and researchers.
Participants can self-refer or be referred by a health care provider to use the Figure 1 Determinants of health. This diagram presents health as an integrated function of biology, environment, and behavior, not simply the absence of disease. Health viewed in this way can be the basis for a new approach to health care that moves away from disease management and toward disease prevention and the modification of individuals' risks through early and persistent interventions.
Comparative Effectiveness Research
Center services, paying a yearly subscription fee for the battery of testing and coaching with a health partner. The subscription fee is subsidized for university employees. To promote the ability to use the collected data for discovery research and comparative effectiveness purposes, a prospectively designed cohort study of 600 employees was developed, with funding provided by the university as part of the Predictive Health and Society theme.
Center cohort recruitment
The human resources department identifies Emory University employees who are eligible to be participants in Center research. Employees are stratified to obtain a representative balance of employees across faculty, Fair Labor Standards Act (FLSA)-exempt staff, and FLSA-nonexempt staff. Employees must have been employed at Emory for at least two years and be covered by universitysponsored health insurance plans. An alphabetic list of employees is generated, and every 10th employee is invited to participate. The identified employees are sent an e-mail invitation to participate in the cohort study along with a description of the program. Approximately 30% of solicited employees agree to be contacted for screening, and approximately 10% are ultimately enrolled in the cohort. The inclusion and exclusion criteria are structured to identify a cohort of adults with few known acute or uncontrollable chronic conditions. For example, potential participants must not have been hospitalized for an acute or chronic disease or cancer treatment within the previous year, with the exception of hospitalizations for accidental trauma. The recruitment strategy, consent forms, and data collection protocols were approved by the Emory University institutional review board.
Participants are initially screened by telephone to ensure that they meet inclusion and exclusion criteria. Potential participants are then e-mailed (or mailed) an informed consent form and a brochure describing the Center program. At the first visit, participants are asked to sign an informed consent form that contains the usual elements and, in addition, explains the Center goals, outlines the prospective data collection and analysis plans, describes all of the specific measurements and assessments that could be performed, outlines the educational program, and gives permission for entry into a research subject registry from which they may be contacted by other investigators for additional ancillary studies. The informed consent contains wording to allow investigators to perform some or all of the assessments and measurements at the discretion of the investigators or Center staff. The consent also gives permission for Center staff and investigators to access the participant's health-related data from other universityaffiliated clinical care centers for research purposes. The explicit inclusion of these potential uses of patient data in the informed consent form is critical to create a participant registry for both current and future research. In addition, the informed consent agreement permits linkage to electronic health records as well as to administrativeclaims data billed to the university insurance plan from across the continuum of care.
Collection of self-reported outcomes
Because self-reported health outcomes are critical to both participant health as well as the CER goals of the Center, changes in self-reported mental and physical health status are being actively monitored. At six-month intervals, quality-of-life measures are collected, including measures of social support, stress, spirituality, and physical activity.
Integration With the Educational Mission
The Center offers both internship and practicum experiences for students. Students can also initiate research projects under the mentorship of a faculty member. An anthropology department undergraduate course, "The Predictive Health Practicum," is an internship that trains students to be health partners and requires them to complete a project analyzing health data collected at the Center. Several of the faculty research studies that have been developed using participant data explicitly include students, expanding the opportunities for student research experiences. A PhD track in predictive health is an integral part of a new graduate program, Molecules to Mankind, which bridges laboratory and population science and is supported by a grant from the Burroughs Wellcome Foundation. The Center is a valuable clinical laboratory for students in this program.
Promotion of Discovery and CER
Faculty members and students under the sponsorship of a faculty member are eligible to access blinded participant data for research purposes. By nature of the recruitment strategy, the cohort is ideally suited for observational CER involving the testing and validation of prediction models for changes in health. The diversity of the cohort also lends itself to evaluations of health disparities. Given the limited observation time to date, most research proposals have focused on discovery research, but an increasing number of faculty and trainees are contacting the Center for observational CER pilot studies. Opportunities to use Center participant data for research are One study is an exploratory analysis of baseline mental health and the ability of an individual's mental health status to predict subsequent inflammatory marker levels. Another study is using participants' health data to identify potential subjects for a gut microbiome analysis that will compare the intestinal microbiome in lean versus obese, but otherwise healthy, adults. A third study is predicting the economic value of the preventive interventions initiated in the Center by applying cardiovascular and diabetes risk models to participants in the cohort study and estimating the costs averted for disease prevention relative to the costs of the interventions provided.
Future Plans for the Center and CER
The resources required to develop the program and subsidize employee participation in the cohort study have been provided by the university and through philanthropy as part of the university's strategic investment in a multidisciplinary, university-wide Predictive Health and Society theme. Longer-term financial sustainability will require marketing to insurers and employers interested in health promotion programs and a portfolio of institutional infrastructure support, philanthropy, extramural funding, and industry partnerships. Early evidence of improvement in physical and mental health status among participants has strengthened the university commitment to subsidize participation costs for employees. Applications for extramural funding have been submitted to expand the size of the cohort study, which will allow a richer array of potential discovery research as well as the ability to more cleanly dissect the multiple pathways between biomarkers, health, and overall well-being. Illness affects identity. To reflect this in our project, we first divided a portrait of a woman from the Web site "The Face of Berlin" (http://www.lem-studios.com/ WORKS/faceoftomorrow/faceofberlin. htm) into 11 pieces and displayed them as fragments. In the model, the placement of the pieces might seem haphazard, but when viewed from a certain perspective, they come together to re-form an identifiable face. The intended interpretive significance of the model is threefold. First, such a model could represent how fractured the lives of our patients and their families might seem at first and how their stories have given us a new perspective on illness. Second, our patients' families have all taken on roles as patient advocates, to some degree, whether through formal hospital committee involvement or private moments with strangers who might be put off at first by unsightly medical conditions. As such, by explaining how our model needs to be viewed, we are emulating the families' need to clarify or even confront misconceptions about their illnesses. Third, just as our model needs to be appreciated holistically and not just as a random collection of parts, a common theme from our patients and their families is their hope that health care professionals will appreciate them as a whole person, not just as a collection of isolated physical symptoms. Together, The Face of Illness attempts to express our belief that doctors must avoid seeing patients as a collection of diagnostic "parts" and should instead see them as a human whole.
